Routine Outcome Monitoring (ROM) is the systematic measurement of treatment outcomes in routine clinical practice. On the level of the patient and clinician, ROM may be a valuable source of information about patient's symptoms, treatment progress and psychosocial functioning. Furthermore, ROM can be used for purposes of research and benchmarking. The naturalistic character of the evaluations provide data that are more representative of 'real-world' patients than data derived from clinical trials. Despite these advantages, ROM has not been extensively implemented in psychiatry. The aim of the present qualitative review was to provide an overview of the conceptual background of the historical development, aims, methodological issues and potential applications of ROM in psychiatric outpatient settings and to consider their relevance to the development of person-centered psychiatry.
Introduction
Routine Outcome Monitoring (ROM) is the systematic measurement of treatment outcomes in routine clinical practice. ROM can be used as a tool for both the patient and the clinician in monitoring treatment progress. With ROM, depending on the choice of measurement instruments, detailed information about psychiatric diagnosis, several domains of symptoms and complaints and psychosocial functioning can be ascertained in every phase of treatment. Furthermore, on a group level, anonymised ROM data can be used for conducting epidemiological research, as well as for purposes of benchmarking.
ROM is a potentially important source of information regarding the effectiveness of treatment in daily or real world practice, in addition to the available information about efficacy of specific interventions derived from randomised controlled trials (RCTs) [1] [2] [3] [4] [5] [6] . Despite these potential advantages, ROM has not yet been broadly implemented in psychiatry [7] [8] [9] [10] .
The aim of this qualitative review was to give an overview of the conceptual backgrounds of the historical development, aims, methodological issues and potential applications of ROM in patients with Mood, Anxiety and Somatoform (MAS) disorders.
Psychiatric diagnosis
An important precondition for a doctor to adequately treat an ill patient, is a reliable and valid diagnosis. This core criterion is true for all areas in medicine [11] . The study of symptoms and occurrence of diseases and hence the classification and definition of diagnoses, are within the scope of epidemiology. Ideally, knowledge of underlying pathophysiological disturbances is used for disease classification. Usually, a clinician gathers a medical history, physical examination and often laboratory tests and/or imaging tests to obtain a diagnosis [12] . Whenever a reliable and valid diagnosis has been established, a treatment plan can be proposed and informed consent of the patient has to be obtained. After initiation, the effect of treatment has to be monitored. In theory, treatment effect can be measured in several domains: disease activity in terms of pathological processes or biological parameters, subjective symptoms as experienced by the patient, symptoms observed by the clinician (psychosocial) functioning and health-related quality of life [12, 13] .
Despite major research efforts in psychiatry during the past decades, knowledge about the pathophysiological mechanisms underlying most psychiatric disorders is still limited. This is in contrast with many somatic disorders, where large breakthroughs in understanding of pathophysiology have been accomplished. This lack of knowledge about pathophysiology of aetiology of psychiatric disorders has implications for both diagnosis and monitoring of treatment effect. Firstly, the value of laboratory tests and other biomarkers in psychiatric diagnostics in the individual patient is merely marginal [14] . The psychiatrist uses medical history taking, that is, the patient's report of internal phenomena and the systematic mental-state examination to ascertain the symptoms and complaints of the patient. Instead of laboratory or imaging tests, rating scales that measure psychopathology can be applied. Secondly, the monitoring of treatment effect is limited to standardised rating of symptoms and psychosocial functioning, because at present, no biological parameters (i.e., biomarkers) can be used as measures of disease activity. However, as mentioned above, monitoring outcomes on a routine and standardised basis with ROM has not yet become standard practice in psychiatry. The various reasons for this lack of implementation will be discussed later in this paper.
Until 1980, no well-defined, international accepted diagnostic criteria existed in psychiatry [15] . The need for reliable and valid diagnoses urged the American Psychiatric Association (APA) to introduce the third edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III) in 1980 [16] . This document was based on validity field trials in the United States (US) and consensus of an APA task force and, contrary to the first two editions (DSM-I and DSM-II), it comprised detailed descriptions of symptom clusters and diagnostic criteria of psychiatric disorders. Since the introduction of DSM-III, psychiatric disorders are being classified based on the presence of symptoms, providing syndromal diagnoses. This is exactly what the influential German psychiatrist Emil Kraepelin proposed almost a century earlier [15] . The introduction of the DSM-III has caused a revolution in psychiatry as it dramatically increased the possibilities of conducting epidemiological research with results that were internationally applicable. The current version of the DSM, the DSM-IV (introduced in 1994 with a text revision in 2000; DSM-IV-TR), is the result of ongoing epidemiological research and consensus [17, 18] . The publication of the DSM-V is due in 2013 (www.DSM5.org).
Measurement in psychiatry
In order to measure or classify psychiatric disorders, psychiatric symptoms preferably have to be assessed in an objective and reproducible, standardised manner [19] . Since most psychiatric symptoms have a large subjective component (e.g., delusive thoughts, hallucinations, disturbed mood and somatic sensations), objective measurement is a challenge. These symptoms are not easily observed or verified by an examiner [20] . The need for objective measurement of psychiatric symptoms has resulted in the development of psychometrics: the science of psychological assessment. A psychometric test is an instrument designed to produce a quantitative assessment of some psychological attribute(s). According to the psychometric principles, a psychometric test should be valid, reliable and free of bias [21] . Validity indicates that the test assesses the true state of the phenomenon being measured, reliability refers to the extent of reproducibility of the test and bias is a systematic error in the design of the test or study or in data analysis. For use in ROM, a test should also be sensitive to clinically important change over time [13] . Measurement in psychiatry can take place on the level of syndromal diagnosis, on the level of symptom severity, on the level of psychosocial functioning and on the level of health related quality of life. Ideally, a ROM test battery consists of measurement instruments that cover all these levels [8] .
DSM Diagnostic measurement instruments
Syndromal classifications are potentially less fundamental than classifications that make use of clearly disturbed biological etiological processes, for example, the detection of tumor cells in cancer or the occurrence of a pathogen in infectious diseases. Nevertheless, the introduction of the DSM-II and its successive worldwide use has greatly facilitated the development of structured diagnostic measurement instruments, necessary for psychiatric epidemiologic research. Until the 1980's, psychiatric epidemiology was hampered by methodological shortcomings, most importantly because of fuzzy definitions of diagnoses and outcomes [22] .
The 1980 DSM-III criteria were used for the development of the Diagnostic Interview Schedule (DIS), for use in the first large US community epidemiologic study on mental health: the Epidemiological Catchment Area (ECA) study, sponsored by the US National Institute of Mental Health (NIMH). This structured interview could be administered by lay interviewers because of its closedended questions that did not require clinical judgment [22, 23] . Some years later, the Composite International Diagnostic Interview (CIDI) was developed in collaboration with the World Health Organisation (WHO) [24] . A modified version of the CIDI was used in the next large US community epidemiological study: the National Comorbidity Survey (NCS) [25] . After the development of these structured diagnostic interviews, reliable prevalence estimates of psychiatric disorders were possible. Because of the extensive format of the CIDI, which limited use in clinical practice, Lecrubier and colleagues developed in a European-US collaboration a short validated structured diagnostic instrument: the MINI International Neuropsychiatric Interview Plus (MINI-Plus). The MINI plus was validated versus the CIDI with satisfactory results [26] .
Symptomatic and functional measurement instruments
While diagnostic measurement instruments measure DSM diagnosis in a standardised manner, symptomatic and functional measurement instruments measure symptom severity and health status on a functional level. The latter two categories of instruments can be regarded as monitoring instruments, which may be applied at several time-points during treatment to evaluate progress of treatment and disease. Symptom-based scales may be generic or disorder-specific and self-report or observerrated.
The Hamilton Depression Rating Scale (HDRS) and Montgomery-Åsberg Depression Rating Scale (MADRS) are examples of well-known disorder-specific, observerrated rating scales that measure symptom severity in major depression [27, 28] . Of these two scales, the HDRS has been predominantly used in RCTs, but the MADRS seems superior for outpatient use [29] . The Brief Symptom Inventory (BSI) is an example of a generic self-report rating scale that measures psychopathological symptom severity in several domains, for example, anxiety, depression, hostility and somatic complaints [30, 31] .
Domains of functional monitoring instruments include general health status, quality of life (QoL) and social and role functioning. These instruments are ordinarily regarded as QoL scales, although a distinction between Qol and (psychosocial) functioning can be made. An example of a widely used instrument that measures general health status is the self-report Short Form-36 (SF-36) [32] .
Psychiatric epidemiology
The large-scale epidemiological community studies facilitated by the sophistication of psychiatric diagnosis and the subsequent development and validation of comprehensive diagnostic measurement instruments have provided valuable data on prevalence and incidence of psychiatric disorders in the general population. Furthermore, these studies have described in great detail clinical characteristics and correlates of most psychiatric disorders. A disadvantage of these epidemiological studies, however, is the fact that the responding subjects, do not necessarily reflect treatment seeking populations, even when they meet criteria for psychiatric disorders. This may limit generalisability or external validity of these findings to the daily clinical practice in psychiatric specialty care. Nevertheless, these studies have played a major role in the development of the field of psychiatric epidemiology and the development of current psychiatry. Psychiatric epidemiology can be defined as "the study of the distribution and determinants of mental disorders in specified populations and of the risk factors associated with their onset and course" [22] . In analogy with epidemiology in somatic medicine, psychiatric epidemiology can be subdivided in community psychiatric epidemiology and clinical psychiatric epidemiology. In contrast with community epidemiology, which aims to describe disease phenomena and to estimate prevalence rates of diseases in the general population, the main goals of clinical epidemiology are to investigate the effects of presumed causal risk factors on the onset and course of illness in clinical patients, to evaluate the validity of diagnostic tests and to study predictors of treatment response that might be targeted in subsequent interventions [22, 33] . In the last three decades, descriptive community psychiatric epidemiologic research, with the ECA and NCS as examples, has prospered. On the other hand, clinical psychiatric epidemiology has remained underdeveloped as compared to clinical epidemiology in other fields of medicine [33] . This is mostly because of the fundamental problem of establishing psychiatric diagnoses (assessment of caseness) as compared with somatic diagnoses, because of the limited validity of most psychiatric diagnoses. Another reason for this difference is the fact that the treatment of psychiatric disorders is diverse -despite the availability of evidence-based guidelines -making it more difficult to conduct clinical epidemiological research of naturalistic variation in treatment response [33] . Finally, because many patients with psychiatric disorders do not seek treatment, representative descriptive data of psychiatric disorders in the general population are not necessarily applicable to everyday patients in clinical practice [33, 34] .
Descriptive community epidemiological studies like the ECA and NCS have yielded valuable insights in prevalence rates and phenomenology of psychiatric disorders in the general population. Since these US community studies in the 1980's, replications have been conducted (National Comorbidity Survey-replication; NCS-R), as well as community studies in Europe. The first and second Netherlands Mental Health Survey and Incidence Study (NEMESIS 1 and 2) are examples of the latter [35, 36] . The prevalence rates of most psychiatric disorders appear to be quite consistent over time and across continents ( Table 1) .
Contrary to community epidemiological studies, clinical psychiatric epidemiological studies have the important potential of evaluating interventions in daily clinical practice. Kessler [33] stated that "In addition to studying the aggregate magnitude of treatment effects, clinical epidemiological studies are needed to study the predictors of individual differences in treatment response". This type of work would ideally involve investigating baseline (i.e., as from the onset of treatment) predictors of course of illness in broadly representative clinical samples. Examples of large scale, truly naturalistic studies, are scarce nowadays. In order to conduct these studies, a ROM infrastructure could be used, in which outcome data of large naturalistic samples are collected.
ROM and epidemiological research
A well-implemented ROM infrastructure could provide anonymised data for epidemiological research in treatment-seeking patients with certain disorders. Baseline ROM data could be used for cross-sectional analyses. For example, clinical characteristics and comorbidity patterns of certain disorders could be investigated in 'real-world' patients [5, 6, 37] . Another possible application of crosssectional ROM data is to use these data to assess the reliability and validity of measurement instruments in clinical practice [38] . Prospective ROM data could be used to investigate predictors of treatment outcome in daily clinical practice and to identify risk factors for poor outcome in real-world treatment settings.
Randomised Controlled Trials
The development of psychopathology measurement instruments several decades ago has also dramatically increased the possibilities of evaluating treatment efficacy by means of clinical trials. RCTs have widely been accepted as the gold standard in evaluating treatment efficacy in medicine [39, 40] . For a new drug to be approved by the regulatory authorities, superior efficacy compared to placebo in RCTs is required. Indeed, the design of a typical RCT, in which 2 or more specific interventions with or without a placebo condition are directly compared in a double-blind way in a sample of patients with a specific disease, aims to maximise internal validity of the trial at hand. In other words, whenever an effect is found, it is most likely being explained by the intervention under study because confounding is largely eliminated through the randomisation process. This high level of internal validity can only be realised if both the disease under study is strictly defined, if the intervention is strictly defined and if the sample is homogeneous in terms of comorbidity and other clinical characteristics. This means that often a large and strict set of inclusion and exclusion criteria are being used in RCTs. If those strict conditions are met and the sample is large enough to detect clinically meaningful differences, in theory an RCT with maximised internal validity will provide the strongest possible evidence for superiority of a certain intervention [41] .
However, in the real world, those perfect 'laboratory circumstances' do not exist. The RCT populations usually are highly selected and suffer from limited external validity. Yet, most evidence-based treatments in medicine are largely based on findings from RCTs. Of course, the findings from RCTs are a major leap forward in terms of 'evidence-based medicine' as compared to the mere descriptive 'clinical expertise' and case studies from the pre-RCT era.
A major disadvantage of RCTs, however, is the lack of external validity and generalisability [42] [43] [44] . In a recent study of our group we found that only 20-25% of our depressive outpatients would meet general inclusion criteria for RCT's [45] . In other words, 'real world' patients most likely differ from RCT patients. Apart from evidence about treatment efficacy, RCTs have also played a role in our knowledge about characteristics of psychiatric disorders (e.g., symptom profiles, comorbidity patterns). Typically, symptomatology of specific disorders has been analysed using only the baseline measurements in large RCT populations and reports about these clinical characteristics are being published secondary to the main paper describing the primary outcome of the intervention (see for example Marcus et al., 2005 and Zisook et al., 2007) [46, 47] .
Routine Outcome Monitoring Historical perspective of Routine Outcome Monitoring
The limited generalisability of findings from RCTs and population studies to daily clinical practice and the lack of insight in processes and patient's experiences of treatment inspired Ellwood for his 1988 Shattuck lecture in which he pleaded for 'assessing routinely and frequently the health of patients using appropriate reliable and valid measurement instruments and to build large databases with these data' [1] . He predicted 'a new revolution in healthcare' and stimulated the systematic assessment of clinical, financial and health outcomes. Although this idea was well received in editorials [2, 48] , recent reviews have shown only a limited number of published studies of routinely assessed outcomes or ROM in psychiatric specialty care [7] . Institutions that have adopted ROM usually used a slim test battery [49, 50] . Several reasons for this lack of routine implementation of ROM in clinical practice are proposed: ROM is costly and time consuming and requires a relatively complicated technical infrastructure. More important, no consensus exists about the optimal choice of measurement instruments, so that outcomes are not easily comparable across clinics and across studies. Probably, parameters like treatment setting, patient population and the limited availability of measurement instruments free of copyright may contribute to this lack of consensus. Furthermore, the aim of ROM may vary, as several parties have different interests, for example, policy makers, insurance companies, patients, clinicians and researchers [7, 51] .
Aims and methodological issues of Routine Outcome Monitoring
In theory, ROM can provide both clinician and patient with valuable information about symptoms and treatment outcomes in daily clinical practice and effectiveness of treatments in 'real world' treatment settings. Evidencebased treatments are based on efficacy trials and may not be effective for every patient in the 'real world'. The main aim of ROM is improvement of the quality of patient care by measuring progress and giving feedback to the patient. Secondary aims of ROM are understanding mechanisms of disease and treatment, establishing cost effectiveness and benchmarking. For understanding the relationship between patients' health status (outcomes), disease status and treatment (process of care) it is necessary to have access to detailed information about the type of treatment [13] .
If observer-rated measurement scales are being used, it is important that the interviewer is well trained because clinical interpretation of symptoms or complaints is essential for reliable and reproducible results. To increase objectivity, preferably, measurement instruments are applied by an interviewer who is not directly involved in the treatment of the patient. In addition, inter-rater variability between interviewers should be minimised by recurrent training sessions in which calibration takes place.
Ideally, ROM measurement instruments should be clinically relevant, sensitive to change, minimally burdensome to the patient, to the staff and to the institution in terms of costs of collection and data analysis [52] . This implies that a balanced selection of well-validated measurement instruments free of copyright is to be preferred. Given the fact that a substantial proportion of patients speak foreign languages, it is important that questionnaires are being validated in different languages. It is evident that different instruments may be applied in different patient groups. In the international literature, no consensus exists about the choice of measurement instruments, about the interval of measurement and about the groups of patients or treatment settings in which ROM may be applied.
Since the data gathering in ROM is naturalistic and observational, no experimental designs can be used if outcome data are routinely assessed. Hence, instead of causal inferences, only correlations can be established on group level [33] . Another methodological issue when analysing ROM data is the problem of confounding and selection bias, since the treatment that a patient receives will often be determined by a number of factors that are related to outcome, such as disease severity [9] .
The use of patient-based measures of health may itself be useful in improving treatment outcomes, because of the possibility to provide feedback of ROM assessments to both patient and clinician. This may enable clinicians to detect problem areas in treatment that would have been missed without the use of data derived from ROM [7, 53] and may increase patient's compliance to treatment protocols [7, 54] . A limited amount of studies have demonstrated a positive impact of ROM on monitoring treatment and on the quality of communication between clinician and patient [7, 55] . In the meta-analysis by Carlier et al. [7] , a favourable outcome of feedback by ROM on mental health was found on the short term only.
ROM and Comparative Effectiveness Research
In the literature, research based on ROM data is often regarded as 'patient-centered research'. If treatment details are taken into account, ROM-data driven research could be used for Comparative Effectiveness Research (CER). CER is designed to improve the clinical decision-making process by providing research evidence on the effectiveness and risk-benefit profile on different therapeutic options for specific patient subpopulations [56, 57] . In the US, the Patient-Centered Outcomes Research Institute (PCORI) has been established to facilitate CER. The mission of this Institute is to help people make informed healthcare decisions and to improve healthcare delivery and outcomes [58] . In Europe, to our knowledge, no comparable large-scale initiatives are being developed. In theory, ROM databases of different institutions could be merged in large collaboration efforts and used for CER. For such overarching initiatives to be successful, many consensus steps have still to be taken.
ROM critically appraised
When collected systematically and extensively, ROM data may be valuable for purposes of benchmarking. In theory, it would be possible to gain insight in treatment results of organizations, departments or even at the individual therapist level. Policy makers and health insurance companies have discovered ROM as a source of benchmarking data. However, a potential limitation or pitfall of ROM is important to consider. In this modern era of excessive growth of healthcare and inevitable health costs, the power of health insurance companies is growing and the professional autonomy of medical specialists is increasingly under pressure. Understandably, policy makers like health insurance companies and governments demand more and more insight in costs of treatments and treatment processes to be able to control these costs. Since ROM is a potentially valuable source of information regarding these processes, many health providers have implemented ROM initiatives over the past years, with benchmarking as one of the major goals. However, benchmarking based on ROM assessments is possible, but may be a hazardous operation. First of all, some institutions have adapted a ROM system in which only a succinct set of outcome scales or only one scale is used. It would be hard to derive reliable benchmarking data because of important inter-patient differences that require complex statistics to be taken into account. For example, if in a certain clinic more MDD patients with comorbid personality disorders are being treated, outcomes may be worse compared to another clinic that uses the same guidelines, but where patients with less complicated complaints seek treatment. Our major concern would be that in the case of a limited ROM assessment battery, policy makers will draw conclusions based on insufficient or inadequately analysed data. For example, in tertiary care clinics or specialised secondary care clinics, typically patients with treatment-resistant complaints, somatic comorbidity, co-existent personality pathology or a combination of these are being treated. Those patients are likely to have worse treatment-outcomes, irrespective of the quality of treatment, as compared with less complicated patients in general psychiatric specialty care.
Future Perspectives
Apart for clinical epidemiological research, ROM data can serve as basis for research in other domains. Examples of these are biological and psychometric research. To further illustrate the potential of ROM, we will give some examples of current projects that use the Leiden ROM infrastructure.
First, the lack of well-known biological markers in psychiatric disorders complicates the borders of disease. When can someone with certain complaints be classified as a patient? The diagnostic classification system DSM-IV only partially answers that question by operationalising disorders by consensus definitions. Due to the absence of clear markers and borders, the line between 'healthy' and 'sick' will be hard to define. Validated measurement scales are helpful in defining and establishing that line. However, for many validated measurement scales used in ROM no reference values in the general population have been calculated. NormQuest is a study initiated in Leiden that aims to assess those reference values for the commonly used measurement scales in MAS patients [59] .
Second, the ROM infrastructure with naturalistically obtained data also allows for add-on research. The Mood, Anxiety, Somatoform disorders and Hypothalamus pituitary adrenal (HPA) axis Biobank (MASHBANK) is an example of this type of research. The MASHBANK has been founded to investigate the link between genetic variants, functioning of the HPA axis and the phenotype in patients with MAS disorders and comparing those with patients from the general population. Patients routinely enrolled in ROM have been asked informed consent to donate DNA for the MASHBANK, after CME approval of the protocol. So far, almost 2000 samples of MAS patients and control subjects have been collected [59] . Additional examples of benefits, current and possible future applications are shown in Table 1 .
Large-scale collaborations could result in development of risk-assessment based on CER and integration of biological markers in ROM. Although practical obstacles may have to be faced, lessons from the cardiovascular field for example, Framingham study [60] , but also oncology demonstrate that large-scale collaboration may dramatically improve outcomes step by step in large groups of patients. For example, acute leukemia is the most common form of childhood cancer, comprising approximately 30% of all malignancies in children. Survival rates for Acute Lymphatic Leukemia have increased dramatically since the 1980s, with current 5-year overall survival rates of over 85% [61] [62] [63] . These improved survival rates are due to large-scale collaborations and RCTs of treatment of large groups of patients according to standardised research protocols and constant monitoring of outcomes. These protocols have evolved over and over according to outcomes of trials and findings of more biological studies [63, 64] . In psychiatry, the establishment of the international schizophrenia consortium (ISC) has resulted in large-scale genetic studies in schizophrenia and bipolar disorder (e.g., Purcell et al., 2009) [65] . In Europe, the GENDEP consortium aims to use genetic profiles to predict outcome of antidepressant treatment (e.g., Uher, et al., 2010) [66] . These initiatives demonstrate that largescale collaborations are possible.
Conclusions
Routine Outcome Monitoring, the systematic measurement of treatment outcomes in clinical practice, is a potentially valuable source of information about patient characteristics, disease characteristics and psychosocial functioning of psychiatric patients in 'real world' treatment settings. Although primarily used by patient and clinician for evaluating treatment progress, on an aggregated level ROM data can also be used for clinical epidemiological research and for benchmarking. Since ROM data are gathered routinely, findings are more representative of 'real world' patients than data derived from RCTs. In clinical psychiatry, large-scale ROM initiatives are still scarce, even though the standardized assessment of diagnosis and symptoms with validated measurement instruments may provide objectivity in diagnosis and treatment evaluation. Implementation of ROM provides multiple opportunities for research and improvement of patient outcomes and contributes actively to personcentered psychiatry.
